Obtaining reliable population estimates is imperative in managing wildlife populations, particularly when attempting to implement nuisance control measures. Free-roaming cats (Felis catus) impact wildlife worldwide through predation, competition and disease transmission. Ideally, measures of controlling free-roaming cat populations should be evaluated a priori, which requires obtaining population estimates for use in population control programs (e.g., euthanasia, trap/treat/neuter/release). We compared markresight and distance sampling abundance estimates of free-roaming cats in an urban landscape, where limited public access to habitat frequently hinders the use of probabilistic sampling designs and associated sampling methodologies. We marked a subset of free-roaming cats (n = 52) with radio-collars in Caldwell, Texas to aid in obtaining our estimates. From road surveys (n = 20) conducted in August 2005, we found mark-resight estimates (N = 744, 95% CI 518-1,135) were significantly different (p = 0.008) to distance sampling estimates (N = 296, 95% CI 262-333). Study results suggest that distance sampling provides wildlife managers a viable alternative for estimating freeroaming cat populations in urban areas where minimal cost and training influence policy decisions regarding the implementation of monitoring and population control measures.
Introduction
Obtaining reliable population estimates is imperative in managing wildlife populations [1, 2] particularly when attempting to implement nuisance control measures. The U.S. population of free-roaming cats has been estimated at over 100 million [3] , and impact wildlife through predation, competition and disease transmission (for summaries see [4, 5] ). Proposed measures of control for free-roaming cat populations include euthanasia, hunting and TNR (trap/neuter/release) programs. Ideally, the evaluation of such control measures (i.e., type, combinations of methods, frequency, and associated costs) should be conducted a priori using demographic models of free-roaming cats that incorporate population vital rates and abundances [6] . Here free-roaming cats include owned cats allowed outdoors and unowned cats which include cats of various levels of socialization that may receive supplemental food but are not claimed by residents. Previous studies of free-roaming cats (primarily feral) have included population indices (e.g., [7] [8] [9] [10] [11] [12] ) in rural areas. Methods of estimating free-roaming cat populations in urban areas, are lacking, but may include mark-recapture techniques [1, 2] and distance sampling methodologies [13, 14] . Mark-recapture techniques have been successfully used in estimating mid-sized carnivores with temporary markers (e.g., [15] ), natural markers (e.g., [16] [17] [18] ), or in radio-telemetry studies (e.g., [19] [20] [21] ), and generally provide precise abundance estimates [22] . Limitations to mark-recapture estimates include cost, time requirements, and the need for specialized equipment [2] . The use of distance sampling may overcome some of these limitations [13, 14] . Distance sampling has been used to estimate the abundances of plants and animals [1, 2, 13] . Recent studies have implemented a distance sampling framework, for example, in estimating grey squirrel (Sciurus carolinensis, [23] ) and free-roaming dog (Canis familiaris, [24] ) abundances in urban areas. The use of distance sampling in estimating urban wildlife population numbers where capturing and releasing numerous individuals is not feasible shows potential, including free-roaming cat populations. Our study objective was to determine the reliability of estimating free-roaming cat populations using mark-resight methods and distance sampling methodologies in urban areas. Contrary to established dogma concerning "convenience sampling", this study implicitly sought to compare survey estimates obtained from road networks in an urban setting. While sample designs of this type are believed to be impaired by roadway influences, roads are a de facto component of the urban landscape and ubiquitous in terms of spatial distribution. As such, sample designs that attempt to alleviate the variability and anthropomorphic influences caused by roads in urban settings can themselves become biased due to an underestimate of the true variability, resulting in an unrepresentative sampling of the broader urban matrix. In addition, more robust statistical designs often come into conflict with private property rights when public space is limited to roadways and sidewalks within the urban landscape. As a result, managers and city officials find themselves caught between the polarizing forces of statistical purity and the need to address growing urban wildlife populations. We therefore sought to compare methods which could be implemented by city personnel with little to no training in wildlife sampling methodology, and which should yield viable population estimates despite the influences of roadways upon the distribution of sample populations. As such, the sample design and methodology were constrained to comply with the limitations of public access within the larger urban matrix. It is hoped that the information derived from this comparison can ultimately benefit free-roaming cat population control programs where abundance estimates are needed.
Methods

Study Area
We conducted our comparison of free-roaming cat abundances in the city of Caldwell, a small, suburban community of approximately 3,400 residents located in Burleson County, Texas (Fig. 1) . Our study was conducted in the center of the city in an 822.5 ha area. Caldwell has no zoning laws and is highly heterogeneous with single and multi-family dwellings (6-10 houses/ha) intermixed with commercial, industrial and agricultural developments [25] . Residents generally tolerate unowned cats. Animals reported to the part-time animal control officer are trapped, held according to state law, and euthanized if unclaimed. Socialized cats may be held longer until they are adopted or euthanized. We conducted intensive, free-roaming cat surveys (n = 20) in a short time period (August 2005) to ensure our study population was demographically and geographically closed [22] as was confirmed with the telemetry data. We conducted half of the surveys between the hours of 0600-0800 hrs (n = 10) and half between the hours of 1800-2000 hrs (n = 10). The survey route was 14.3 km in length and was completed in approximately 1.5 -2 hours. To avoid the use of spotlights and disturbing residents, we chose survey times based on when free-roaming cats were most active and easily observed. We conducted surveys from the road with 1 observer. We selected intensive, short time period surveys with 1 observer to evaluate methods most likely to be implemented by city officials (e.g., animal control officer). The use of convenience sampling and the biases inherent due to lack of probabilistic sampling when estimating wildlife populations has been discussed at length [27] [28] [29] [30] . Our research was conducted in an urban environment (i.e., free-roaming cats are largely an urban issue), which necessitated sampling via roads in a systematic manner. However, the streets of Caldwell, Texas are of uniform length and width, which closely mimics a sampling grid (Fig. 2) . This minimizes biases associated with sampling from roads by maximizing the spatial variability captured within the study area thus producing a sample representative of the study area. All roads within the core of the study area were surveyed excluding roads with heavy traffic to avoid hazard to the observer. The observer recorded the number of cats seen (cluster size) and if an animal was marked. The observer was not aware of marked individuals' locations at the time of each survey, however, marks were easily observed from the transect. Perpendicular distance from the road was measured using a hand held range finder (Bushnell Yardage Pro 500, Bushnell Performance Optics, Overland Park, Kansas, USA). Odometer readings were collected at the start and end of transects to determine transect length. Telemetry locations of marked individuals were entered into a Geographical Information System [31] ; annual ranges (95% probability area) were calculated using a fixed-kernel home-range estimator with the animal movement extension in ArcView 3.2 [32] . Study area was determined in ArcView 3.2 by creating a polygon to encompass the 95% annual ranges of all marked individuals available when surveys were conducted. Mark-resight survey data were entered into NOREMARK to obtain abundance estimates for each individual survey period [33] . The number of marked animals available was determined from radio-telemetry data and adjusted for each survey conducted. Abundance estimates were calculated using the joint hypergeometric maximum likelihood estimator (JHE) [22, 34] . We chose this estimator because our study population is both geographically and demographically closed. We calculated density by dividing the abundance estimate provided by NOREMARK by the study area. To estimate abundance and density using distance sampling, we entered survey data into Distance 5.0 Beta 3 [35] . Histograms of distance data indicated that model fit would be improved by grouping the data into distance intervals (Fig. 3) , as recommended by Buckland et al. [13] . Population estimates were calculated from data stratified by survey (temporal stratification) for comparison with mark-recapture results, utilizing a global detection function and a region size of 822.5 ha. The most parsimonious model (Hazard Rate model with no adjustment terms) was selected using Akaike's Information Criterion within the program DISTANCE.
Results
We marked a subset of free-roaming cats (n = 52) with radio-collars From October 2004-August 2005. We marked a total of 44 unowned (27 M, 17 F) and 8 owned cats (4 M, 4 F). When surveys were conducted a total of 16 unowned (7 M, 9 F) and 7 owned cats (3 M, 4 F) were actively being monitored. The number of marked individuals was 23 for the first 13 surveys and 22 for the last 7 surveys due to 1 individual being censored ( Table 1 ). The average number of marked and unmarked cats observed per transect was 1.15 and 34.8, respectively. Abundance estimates for individual sighting occasions ranged from 206-1,103. The global abundance estimate for all sighting occasions (n = 20) was N = 744 (95% CI 518-1,135), yielding a density of 0.905 cats/ha for the study area (822.5 ha). The LincolnPeterson 95% confidence intervals were wider than the DISTANCE 95% confidence intervals for all sampling occasions (Fig. 4 and 5) , and ranged from a minimum lower 95%CI of -378.5 animals to a maximum upper 95%CI of 2584.5 animals ( Table 1) . While the range of the confidence intervals reflects variability in the associated point estimate, negative lower confidence limits have no biological meaning. Table 1 ). The distribution of population estimates were compared using a paired sample Wilcox Signed Rank test (Fig. 4) , and were found to be significantly different between the 2 methods (p = 0.008). Plotting the point estimates and associated 95% confidence intervals for each method over the 20 surveys conducted during the study period (Fig. 5) illustrates that the DISTANCE estimates were less variable, and for each survey fit within the confidence intervals calculated for the Lincoln-Peterson estimate.
Discussion
As free-roaming cats in the U.S. continue to increase and impact wildlife through predation, competition and disease transmission [3] [4] [5] , obtaining reliable population estimates is imperative in nuisance control programs. For example, in our study the City of Caldwell was interested in determining the cost of alternative measures of population control (e.g., euthanasia, TNR), which required free-roaming cat abundance estimates. We compared estimates of free-roaming cat populations in urban areas using mark-recapture techniques [1, 2] and distance sampling methodologies [13, 14] . We found (Table 1 , Fig. 5 ) the distribution of abundance point estimates to be significantly different between the two methods, with precision for the distance estimates being substantially higher (n = 20; min = 165, max = 421; global 95% confidence intervals = 262 -333) than mark-resight estimates (n = 20; min = 206, max = 1103; global 95% confidence intervals = 518 -1135). However, the lack of precision in the mark-resight estimate could be due to the low number of marked individuals observed per survey (Table 1) . Because the underlying population size is unknown, there is no absolute means for determining the magnitude of bias for the two methods. In such cases the precision of the estimate becomes the best proxy for objective comparison of the relative efficacy of the two methods (Fig. 5) . Mark-resight estimators allow wildlife biologists to obtain population estimates and the ability to determine and correct for assumption violations [22] . The cost and time associated with trapping and marking large numbers of animals, particularly trap weary species such as free-roaming cats, however, is one drawback of using markresight estimators. Furthermore, free-roaming cats are an exotic predator associated with numerous impacts to wildlife, therefore, it may not be feasible or appropriate to release individuals for the sake of obtaining abundance estimates. Thus, distance sampling is a viable alternative in estimating free-roaming cat abundances in urban environments. Our study findings suggest distance sampling precludes the need for trapping and marking animals without compromising precision (Fig. 5) . Finally, the use of convenience sampling via roads is sometimes a necessity in urban environments, however, this did not appear to greatly reduce the precision of our estimates although we would not expect this to hold true in all environments. Future research may want to evaluate the use of distance sampling to estimate free-roaming cat abundances in natural areas, as well as, the relative impact of roadways, traffic frequency, season and time of day on estimates.
